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ABSTRACT

Bark is much underutilized material. Most of the bark is used as fuel and for landscaping
but there are still significant amounts of unused bark, hence creating a problem when disposed.
Due to the aspects like colour, shape/size and ratio, and mechanical properties, bark is not
a desired constituent for particleboard production. One of the possible uses of bark is related to
its chemical compositions, specifically due to the phenolic-like components, bark can be used as
formaldehyde scavenger.The aim of the paper is to present the usability of bark as particleboard
formaldehyde scavenger. Single-layer particleboard made from wood particles spruce (Picea abies)
and pine (Pinus sp.) bark mixture using urea-formaldehyde and melamine-urea formaldehyde
as resin were tested for formaldehyde release. The formaldehyde release was determined by the
Perforator method (EN 12460-5), gas analysis (EN 12460-3) and Flask method (EN 717-3). The
experiment showed that the presence of bark lowers the formaldehyde release.
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INTRODUCTION

Formaldehyde is a chemical that severely influences indoor air quality. Due to its highly
volatile nature, formaldehyde easily emits from material(s) into the surrounding air. One of the
sources of formaldehyde in home(s) and office(s) are wood-based panels from which furniture
is made (mostly particleboards), floors (mostly high-density fibreboards) or walls (mostly
OSB) (Salthammer et al. 2010). Owing to the formaldehyde hazardous nature (IARC 2006,
Athanassiadou and Ohlmeyer (2009), producers of formaldehyde-based adhesives and wood-
based panels are constantly searching for the way to lower this emission. For this reason, several
synthetic and/or natural based scavengers are used in production of wood-based panels. One of
potential natural based scavengers mentioned in literature is also bark (Herrick and Bock 1958,
Maclean and Gardner 1952, Roffael 1982, Cameron and Pizzi 1985, Prasetya and Roffael 1991,
Lelis and Roffael 1995, Roffael et al. 2000, Nemli and Colakoglu 2005, Takano et al. 2008). Bark
constitutes between 10 to 20% of total tree weight and varies with regard to the wood species. Bark
constitutes an outer part of tree occurring outside the vascular cambium andis divided into outer
bark (deadly tissue) and inner part (living cells). Comparing the chemical composition of wood
and bark, it can be concluded that the bark contains a higher content of ash, accessory materials
(extractives) and lignin, and a lower content of polysaccharides cellulose and hemicelluloses
(Antonovi¢ et al. 2010, Antonovi¢ et al. 2018). Bark is an underutilized lignin-cellulose based
material with great usability potential. Most of the bark created during debarking is nowadays
burned (energy utilization), while insignificant amount is used in horticulture (for landscaping),
in pharmacy (Miranda et al. 2012), for leather tanning (Pizzi 2008), insulation purposes (Kain
et al. 2016) and as coating layer for flooring (Tudor et al. 2018). Despite its previous mentioned
usage, there is a substantial amount of bark that remains unused, which can sometimes create
a disposal problem (Harkin and Rowe 1971). Burning of bark for energy production is not the
best possible practice of bark utilization due to its caloric value (Gupta et al. 2011). The question
of bark usability is especially important when a large quantity of bark is available due to natural
disasters (wind, snow storm, ice storm, etc.) and to bark beetle attack (like recently in Slovenia).

As mentioned above, one possibility of utilizing bark is also to use it as a formaldehyde
scavenger in the production of particleboards, which is also the aim of this paper.

MATERIALS AND METHODS

Two separate experiments, employing bark form softwoods (spruce and pine) were conducted
to evaluate the efficiency of bark for reduction of formaldehyde release in particleboards.

Wood particles used in both experiments were produced in a laboratory chipper from wood
chips, obtained from local industry. Wood particles were a mixture of surface and core layer
particles (Tab. 1).
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Tab. 1: Sieve analysis of wood particles.

Sieve opening (mm) | Share (%)
4.000 0.74
2.000 20.98
1.500 17.38
1.270 11.18
1.000 13.63
0.600 21.73
0.237 12.46
0 (bottom) 1.90

Experiment 1
Spruce bark (Picea abies L.) was crushed in a laboratory chipper (Condux LT 61). The size

related composition of bark particles is shown in Tab. 2.

Tab. 2: Sieve analysis of spruce bark particles.

Sieve opening (mm) | Share (%)
6.140 2.59
4.000 8.56
2.000 21.23
1.500 11.88
1.270 6.98
1.000 8.32
0.600 15.59
0.237 17.71
0 (bottom) 7.14

Bark and wood particles were dried for 16 hours at 70°C, to achieve moisture content
between 2 and 4%. Dried bark and wood particles were mixed together as shown in Tab. 3.

Tab. 3: Composition of boards made from bark particles.

Share of bark
(%)

A 20

35

50

65

80

Panel

=|O|0|=

Appropriately mixed bark and wood particles were blended with 10% urea-formaldehyde
resin (dry weight resin/dry weight particles ratio). As hardener, ammonium sulphate was used (3%
dry weight hardener/dry weight resin ratio). Total time of blending was 6 minutes (3 minutes resin
spraying and mixing and 3 minutes additional mixing). Resinated particles were subsequently
hand formed into 500 x 500 mm large particle mat. Target thickness was 16 mm, while target
density was 0.54 gem3. Pressing temperature was 180°C, while pressure was set to 3 N-mm™2.
Total pressing time was 4 minutes.
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Experiment 2

Since formaldehyde emission is also important for construction grade particleboards, the
second experiment, where small bark particles and melamine-urea formaldehyde resin were used,
was conducted. Bark chips (pine (Pinus sp.)) were crushed into small bark particles (fraction that
passed through sieve with mesh size 0.237 mm) in a laboratory mill (Retsch SM2000). The main
reason for different fraction used in experiment is related to the activation potential of smaller
particles. Baldosano et al. (2015) determined that higher extraction yield is higher at smaller
particles. The main reason for such behaviour is related to the specific surface area, which is
higher at smaller particles. Since smaller bark particles have higher specific surface area, it was
expected that they could be also more efficient as formaldehyde scavenger. The change in size of
bark particles employed in the second experiment is also related to the mechanical properties of
particleboard with bark particles. The increasing share of bark particles in particleboard causes
a decrease in particleboard mechanical properties and an increase in thickness swelling
(Lehmann and Geimer 1974, Muszynski and McNatt 1984, Blanchet et al. 2000, Nemli
and Colakoglu 2005, Ngueho Yemele et al. 2008, Aydin et al. 2017). Quite the opposite was
determined by Ruziak et al. (2017) when using bark fluor. When beech bark flour was employed
as filler, plywood mechanical properties, thickness swelling, and formaldehyde emission were
improved. A positive impact of small bark particles on internal bond was also determined by
Ngueho Yemele et al. (2008) and Marashdeh et al. (2011). Additional reason for using small
bark particles are also the findings by Gupta et al (2011). A particleboard made from small bark
particles is more aesthetically appealing than board made with big bark particles. Since Ruziak et
al. (2017) mentioned that share of bark higher than 12.25% (in core layer of particleboard) causes
a decrease in strength of particleboard; we decided to keep the amount of small bark particles
below 10% (Tab. 4).

Tab. 4: Composition of boards made from small bark particles.

Panel Share of bark
(%)
G 0
H 0.5
1 1
J 5
K 10

Wood particles and small bark particles mixture was mixed with 11% melamine-urea
formaldehyde resin (dry weight resin/dry weight particles ratio). The use of melamine-urea
formaldehyde resin was related to a better bond quality as well as to a higher moisture resistance
(possibility to its use in moist conditions). As hardener, ammonium sulphate was used (3% dry
weight hardener/dry weight resin ratio). Total time of blending was 6 minutes (3 minutes resin
spraying and mixing and 3 minutes additional mixing). Afterwards, resinated small bark particles/
wood particle mixture, was hand formed into 500 x 500 mm large mat. Target thickness was
16 mm, while target density was 0.6 gem3. The temperature of pressing was 200°C, while
pressure was set to 3 N-mm2. Total pressing time was 4 minutes.
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Formaldehyde determination

Formaldehyde release was determined using three different methods:

- Flask value (EN 717-3): experiment 1,

- Extraction method called perforator method (EN ISO 12460-5): experiment 2,

- Gas analysis method (EN ISO 12460-3): experiment 2.

The determination of formaldehyde release was conducted 72 h after the panel production.
During this period, panels were placed into a controlled environment (temperature 21 = 1°C
and relative air humidity 65 + 3%). Moisture content was determined according to EN 322 and
EN 323 respectively.

Bark efficiency (BEf) was calculated using Eq. 1.

Ubn = Xp1)
BE] = (Fn— Fp ®
where:  yyp, - the highest bark share in % (80% - experiment 1; 10.0% - experiment 2),
xp1 - the lowest bark share in % (20% - experiment 1; 0.5% - experiment 2),
F}, - formaldehyde release at the highest bark share (also the highest formaldehyde
release detected),
F - formaldehyde release at the lowest bark share (also the lowest formaldehyde release
detected).

RESULTS AND DISCUSSION

Experiment 1

Results of the first experiment show similar effect as determined by Roffael (1982) Cameron
and Pizzi (1985), Prasetya and Roffael (1991), Lelis and Roffael (1995), Nemli and Colakoglu
(2005) and Takano et al. (2008) and Gajsek (2008). The increase in bark content results in lower
formaldehyde release (Fig. 1). Formaldehyde release of reference particleboard (0% bark) was
13.76 mgkg.

10.5

1
=
©
o
*

© L
thown

Flask value in mgkg
00
2
*

*
6.0 *
58
10 20 30 40 50 60 70 80 90
Bark particles share in %

Fig. 1: Formaldehyde release - flask value related to the bark particles share.

Partial substitution of wood particles by bark particles (20% to 65%) resulted in a decrease of
formaldehyde release (flask value) by 43%.

Chemical composition of bark, especially the content of polyphenolic components and
tannins, are important for lowering the formaldehyde emission. As reported by Roffael (1982),
Cameron and Pizzi (1985), Prasetya and Roffael (1991); if polyphenolic components and tannins
react with formaldehyde, the formaldehyde emission from particleboards will decrease. Therefore
bark is rich with polyphenols and tannins; it makes bark an important bio-based scavenger, which
was also demonstrated in Fig. 1.
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The efficiency of bark particles was 10.25. It means that in order to reduce formaldehyde
determined by flask value for 1 mg-kg1, 10.25% of wood particles need to be substituted by bark

particles.

Experiment 2

Although the share of small bark particles was lower than in our first experiment, the impact
on formaldehyde emission is evident (Fig. 2). Even small addition of small bark particles (0.5%)
resulted in significantly lower formaldehyde emission.

Gas analysis value in
mg-mZh?

280
.
27.8]

Perforator value in Bark dust share in %
mg/100 g dry panel

Fig. 2: Impact of small bark particles share on formaldehyde release (perforator value and gas analysis

value).

In relation to formaldehyde release, the increase in small bark particles share results in
decrease of formaldehyde release - perforator value (from 6.6 mg/100 g dry panel at 0.5% to
6.0 mg/100 g dry panel at 10%) and decrease in formaldehyde release — gas analysis value (from
27.8 mg:m2h?l at 0.5% to 27.4 mgm=2h71 at 10%). Small bark particles efficiency was 15.83
(perforator method) and 23.75 (gas analysis method). For reduction of formaldehyde determined
by perforator method for 1 mg/100 g dry panel, 15.83% of small bark particles need to be used,
while for reduction of formaldehyde determined by gas analysis method for 1 mg-m=2-h-1, 23.75%
small bark particles are needed. Comparing the values obtained with modified flask method (test
conditions: room temperature, 7-day exposure) the bark efficiency was 7.25 (from 14.59 mg-kg1
at 0.5% to 13.28 mg-kg! dry panel at 10% (Fig. 3).
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Fig. 3: Impact of bark share on formaldehyde release - flask method.

During the manufacture of particleboards or even other wood-based composites, bark
acts as formaldehyde adsorbent. Since smaller bark particles have higher specific surface area,
the degree of absorption is higher compared to bigger particles (lower specific surface). The
formaldehyde absorption potential of bark was also reported by Takano et al. (2008). In addition
to formaldehyde absorption of bark, Prasetya and Roffael (1991) also reported on the reaction
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between polyphenolic components and tannins with formaldehyde. Formaldehyde fumes
activated by high temperatures during particleboard production start to migrate together with
moisture from the surface towards the core and subsequently towards the edge of the panel. On
their path they are absorbed by bark particles. The absorbed formaldehyde starts reacting with
polyphenolic components and tannins creating stable bond.

Since smaller bark particles have higher specific surface area, even small share becomes
important formaldehyde adsorbent and scavenger.

Other properties

Regarding the results obtained in this experiment it was determined that significant
reduction of formaldehyde release could be achieved with 5% bark share and higher, but other
properties like internal bond and thickness swelling of finished boards need to be considered as
well.

Properties of particleboards with bark depend on bark particle size and share. In particleboard
with bark particles, the share of bark up to 50% results in higher internal bond (compared to
reference particleboard). The internal bond increased from 0.23 N-mm2 (at reference) to the
highest value of 0.33 N-mm2 (at 20% bark share). In particleboard with bark particles a positive
effect of bark was detected at thickness swelling where lower swelling was determined (compared
to reference particleboard). For example, the thickness swelling of reference panel was 56.59%,
while the lowest was at 20% bark share (27.80%).

A quite different observation was noted in particleboard with small bark particles. The
employment of small bark particles up to 1% resulted in higher internal bond (0.66 N-mm2),
while higher share resulted in significantly lower internal bond. Internal bond of reference
panel was 0.56 N-mm2. Increase in small bark particles resulted in higher thickness swelling.
Thickness swelling of reference panel was 11.53% and the highest determined was 15.62%
(at 10% small bark particles share) (Medved et al. 2019).

CONCLUSIONS

In the presented experiment, various amounts of spruce bark particles and small bark
particles (pine) were used to make single layer particleboards in order to determine the impact of
bark on formaldehyde release. According to the obtained results, the following conclusions can
be made:

1) Substitution of wood particles by bark particles lowers the formaldehyde release.

2) Formaldehyde release lowers with increasing bark share. To achieve the positive influence
of bark on formaldehyde emission, the bark share needs to be higher than 5%.

3) Bark efficiency regarding formaldehyde emission depends on bark size and test method.
Bark efficiency was 10.25 (spruce bark particles, urea-formaldehyde resin, flask method),
7.25 (pine bark — small particles, melamine-urea-formaldehyde resin, modified flask
method), 15.83 (pine bark — small particles, melamine-urea-formaldehyde resin, perforator
method) and 23.75 (pine bark — small particles, melamine-urea-formaldehyde resin gas
analysis).
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